INTRODUCTION {#sec1-1}
============

Injuries are a major cause of morbidity and mortality in both developing and developed countries. About 5.8 million people die each year as a result of injuries, and this constitutes 16% of the global burden of diseases and 10% of the world\'s deaths.\[[@ref1][@ref2]\] Overall, injuries are estimated to be the third most common cause of death globally.\[[@ref3]\] Road traffic injuries (RTIs) are a leading cause of premature death and disability worldwide.\[[@ref4]\] They are currently ranked 9^th^ globally among the leading causes of disease burden in terms of disability-adjusted life years lost.\[[@ref5]\] An estimated 1.24 million lives are lost annually from RTIs globally. It is estimated that by the year 2020, RTIs will have moved from the 9^th^ to 3^rd^ position in the global disease burden ranking and the economic loss from road traffic crashes is estimated at United States Dollars 518 billion per annum.\[[@ref6]\]

Low- and middle-income countries (LMICs) are thought to bear more than 85% of the global burden of deaths and injuries arising from road traffic crashes.\[[@ref7]\] This may be attributable to accelerated urbanization and motorization of many developing countries with poor road infrastructure, inefficient trauma systems, and poor enforcement of traffic laws. In Nigeria, RTIs have been identified as a major public health problem, but there are no pragmatic approaches to combat this problem.\[[@ref8][@ref9]\] Previous studies have reported that RTIs are a leading cause of trauma-related deaths and the most common cause of disability.\[[@ref8][@ref9][@ref10][@ref11]\] This has enormous physical, social, emotional, and economic implications on the society. For effective control measures to be developed, the data generated systematically from the epidemiological studies are needed.

Despite the burden of RTIs in Nigeria, the most populous country in Africa, documentation of the injury characteristics, associated factors, and outcomes of RTIs in this region have been inadequate. This study was designed to answer the question: What are the characteristics and determinants of outcome of RTIs in our environment? The objectives of this study were to describe the epidemiological characteristics, the pattern, and outcomes of treatment of RTIs in our hospital. The result of this study will help in developing effective intervention measures against this public health problem not only in Nigeria but also in other LMICs with similar road infrastructure and trauma systems.

METHODS {#sec1-2}
=======

Study design and setting {#sec2-1}
------------------------

This was a 1-year retrospective, hospital-based study conducted at the University of Nigeria Teaching Hospital (UNTH) Ituku-Ozalla, Enugu, Nigeria. The medical records of all the patients who sustained injuries from road traffic crashes and were treated at our hospital from January 1, 2015, to December 31, 2015, were reviewed.

The hospital is a 500-bed tertiary hospital and a major referral trauma center in the south-eastern region of Nigeria. It is located along a very busy expressway and serves the states of southeast, south-south, and north-central regions of Nigeria with a population of about 5 million people. This study was conducted according to Strengthening the Reporting of Observational Studies in Epidemiology guidelines for reporting observational studies.

Ethics approval {#sec2-2}
---------------

The research and ethics committee of UNTH Ituku-Ozalla approved the study protocol before the study commenced.

Study population and data collection {#sec2-3}
------------------------------------

The study population included all road traffic crash victims who were treated in our hospital from January 1, 2015, to December 31, 2015. The medical records of all the patients who presented with RTIs within the study period were retrospectively assessed. Patients who had incomplete medical records were excluded from the study. Data were extracted from the medical records of the patients and entered into a data collection form designed for this study. The demographic data of the patients, type of vehicle, type of road, mechanism of road crash, anatomical site of the injury, type of injury, injury-arrival interval, injury severity score (ISS), monthly distribution of injuries, length of hospital stay, and outcome of the treatment were retrieved from the medical records. The follow-up records of the patients for a period of at least 1 year after the discharge were recorded. The outcome measures used were full recovery from injuries within 1 year of treatment; the presence of disability arising from the injuries within 1 year of treatment and death within 1 year.

Statistical analysis {#sec2-4}
--------------------

Data analysis was performed using the Statistical Package for the Social Sciences (SPSS) software version 22.0 (SPSS Inc. Chicago IL, USA). Associations between two or more qualitative variables were assessed using the Chi-square test of significance. The frequency of variables was identified using descriptive statistics and described using frequency distribution. The patterns and relationships between several variables were analyzed using the multivariate analysis (logistic regression). A two-sided *P* \<\< 0.05 was considered as statistically significant.

RESULTS {#sec1-3}
=======

Four hundred and twenty-one patients with 484 injuries were studied. Sixteen patients were excluded from the study because of incomplete medical records. During the study period, a total of 6238 patients presented to the accident and emergency unit. Thus, the proportion of RTIs in this study is approximately 67 in 1000. Their ages ranged from 6 months to 78 years, with a mean of 34.4 ± 14.6 years. Most patients were between the age group of 21 and 40 years (235 \[55.8%\]). The modal age group was 31--40 years. There were 323 males and 98 females, with a male: female ratio of 3.3:1. Majority (48.7%) of the injuries occurred on intercity roads/highways \[[Table 1](#T1){ref-type="table"}\]. The months that witnessed peak injury incidence were January (48 \[11.5%\]), April (55 \[13.6%\]), and December (59 \[13.9%\]) \[[Figure 1](#F1){ref-type="fig"}\].

###### 

Sociodemographic characteristics of the patients (*n*=421)

                           *n* (%)
  ------------------------ ------------
  Age (years)              
   \<1                     4 (0.9)
   1-10                    29 (6.9)
   11-20                   25 (5.9)
   21-30                   107 (25.4)
   31-40                   128 (30.4)
   41-50                   58 (13.8)
   51-60                   40 (9.5)
   61-70                   18 (4.3)
   71-80                   12 (2.8)
  Sex                      
   Female                  98 (23.3)
   Male                    323 (76.7)
  Occupation               
   Drivers/motorcyclists   106 (25.1)
   Farmers                 21 (4.9)
   Students/pupils         51 (12.2)
   Civil servants          67 (16)
   Unemployed              23 (5.6)
   Business/traders        93 (22)
   Artisans                59 (13.9)
   Others                  1 (0.3)
  Types of roads           
   Intracity               128 (30.4)
   Intercity/highways      205 (48.7)
   Rural                   88 (20.9)

![Distribution of road traffic injuries by months of the year](IJCIIS-10-64-g001){#F1}

Motorcycle crashes (131 \[31%\]) were responsible for the majority of the RTIs, followed by crashes involving minibuses (116 \[27.5%\]) and cars (88 \[21%\]) \[[Table 2](#T2){ref-type="table"}\].

###### 

Types of vehicles involved in road traffic injuries

  Types of vehicles   *n* (%)
  ------------------- ------------
  Motorcycle          131 (31)
  Minibus             116 (27.5)
  Car                 88 (21)
  Tricycle            25 (5.9)
  Lorry               16 (38)
  Pedestrian          45 (10.8)
  Total               421 (100)

Riders of motorcycles and vehicle drivers (195 \[46.3%\]) accounted for majority of the victims, followed by passengers (181 \[42.9%\]) and pedestrians (45 \[10.8%\]). The majority of motorcycle crash victims were riders (86 \[65.6%\]), whereas passengers and pedestrians constituted 59.8% and 45.7% of motor vehicular crash victims, respectively. Seatbelt and helmet use was recorded in 29.2% and 10.8% of occupants of vehicles and motorcyclists, respectively. Head-on-collision (165 \[39.2%\]) was the most common mechanism of the accident followed by vehicle somersault (70 \[16.6%\]). Other mechanisms of the accident are shown in [Table 3](#T3){ref-type="table"}.

###### 

Mechanisms of road traffic crashes

  Mechanism of road crash   *n* (%)
  ------------------------- ------------
  Head-on-collision         165 (39.2)
  Somersaulting             69 (16.4)
  Side collision            70 (16.6)
  Veering off road          30 (7.1)
  Pedestrian                45 (10.7)
  Not stated                42 (10)
  Total                     421 (100)

Sixty patients (14.3%) sustained multiple injuries. Soft-tissue injuries (134, 27.7%) were the most common type of injuries followed by fractures (106 \[21.9%\]) and traumatic brain injuries (TBIs) (97 \[20%\]), as shown in [Table 4](#T4){ref-type="table"}. The ISS of the patients ranged from 1 to 50, with a mean score of 9.2 ± 2.9. The major injury was defined as ISS \>15. Majority of the patients (253 \[60.1%\]) had ISS \>15.

###### 

Types of injuries

  Injuries                   *n* (%)
  -------------------------- ------------
  TBIs                       97 (20)
  Fractures                  106 (21.9)
  Dislocations               26 (5.4)
  Soft-tissue injuries       134 (27.7)
  Blunt chest injuries       47 (9.7)
  Blunt abdominal injuries   24 (4.9)
  Burns                      9 (1.9)
  Spinal injuries            29 (6.0)
  Crush injuries             12 (2.5)
  Total                      484 (100)

TBIs: Traumatic brain injuries

The injury-arrival interval ranged from 15 min to 1 week with a mean interval of 23.2 ± 2.4 h. Only 30 patients (7.1%) presented to the emergency department within the "golden hour," 118 (28%) presented within the first 6 h, whereas 273 (64.8%) presented after 6 h of the injury.

TBI was associated more with motorcycle crashes in which the riders and passengers did not wear helmets than in the crashes where the riders and passengers wore helmets (χ^2^= 31.99; *P* = 0.001). Motorcycle crashes injuries that occurred along intercity roads and highways were multiple in nature and associated with higher ISS (χ^2^= 13.32; *P* = 0.024). Patients who had been involved in motorcycle crashes as well as pedestrians (open vehicle injuries) were more likely to sustain severe injuries compared to the drivers and passengers of cars and minibuses (closed vehicle injuries) (χ^2^= 14.90; *P* = 0.012). Drivers and passengers of cars and minibuses who wore seatbelt had significantly lower ISS and mortality rates compared to those who did not wear seatbelt (χ^2^= 35.41; *P* = 0.0001). The majority of the injuries occurred in the lower extremities (124 \[25.6%\]) which were mostly associated with motorcycle crashes (χ^2^= 33.51; *P* = 0.001). Head/neck and upper extremities were the anatomical sites of injuries in 22.7% and 22.1% of victims, respectively \[[Table 5](#T5){ref-type="table"}\].

###### 

Anatomical site of injuries

  Distribution of injuries by body region   *n* (%)
  ----------------------------------------- ------------
  Head/neck                                 110 (22.7)
  Upper extremity                           107 (22.1)
  Chest                                     60 (12.4)
  Abdomen                                   54 (11.2)
  Spine                                     29 (6.0)
  Lower extremity                           124 (25.6)
  Total                                     484 (100)

The mean length of the hospital stay was 14.5 ± 8.2 days, with a range of 1--252 days. Two hundred and seventy-one (64.3%) patients were treated and discharged home without any disability; 26 patients (6.2%) were treated and discharged home with permanent disabilities (loss of body parts, hemiplegia, paraplegia, etc.); 12 (2.9%) were referred to other hospitals on request; and 67 (15.9%) left against medical advice. Discharged against medical advice was associated with victims who sustained fractures (χ^2^= 39.83; *P* = 0001). After a 1-year follow-up period, mortality was reported in 45 patients giving a 1-year mortality rate of 10.7%. Analysis of the potential risk factors for death showed that patients with increased ISS, TBI, and open vehicle injuries were found to be more vulnerable (χ^2^= 12.63; *P* = 0.032).

DISCUSSION {#sec1-4}
==========

The incidence of RTIs in this study was 6.7% (67 in 1000 population). This figure is comparable to the incidence of RTI of 41 in 1000 population reported by Laninjo *et al*.\[[@ref9]\] about 9 years earlier. It also suggests a possible increase in the incidence of RTI in Nigeria. This poses a major public health problem in Nigeria with huge economic losses. It calls for the urgent attention of all stakeholders in both government and nongovernmental agencies to address this significant cause of morbidity and mortality in Nigeria.

Majority of the victims of road traffic crashes were males. The most common age group involved was 21--40 years. These findings are similar to other studies in Nigeria and other parts of the world.\[[@ref3][@ref12][@ref13]\] The young adult males are most commonly involved in trauma because they are the active age group of the society. They are most commonly involved in social and economic activities. Their tendency to risky behaviors also put them at the risk of RTIs. The man-hours lost, the morbidity and mortality from RTIs in this economically productive population, has a huge negative impact on the economy of the nation.

Most road traffic crashes occurred on intercity roads and highways, whereas a significant proportion (20.9%) occurred on rural roads. This is different from a World Health Organization study in Europe where about 67% of injuries occurred on urban (intracity) roads.\[[@ref14]\] This disparity may be attributed to the location of our hospital which is along a major highway and surrounded by many rural communities.

This study noted a seasonal pattern in the incidence of road traffic crashes. The months of January, April, and December witnessed the increased incidence of road traffic crashes. Other studies in Nigeria by Akinpelu *et al*.\[[@ref10]\] in Ile Ife, Ohakwe *et al*.\[[@ref15]\] in Owerri, and Eke *et al*.\[[@ref16]\] in Port-Harcourt have also reported seasonal patterns in the incidence of road traffic crashes. The pattern of RTIs in this study is similar to the study by Ohakwe *et al*.\[[@ref15]\] who also noted the peak incidence in January and December. In contrast, Eke *et al*.\[[@ref16]\] reported that most road traffic crashes occurred between July and August, whereas Akinpelu *et al*.\[[@ref10]\] recorded the highest incidence in April, July, and September.

Our findings may be explained by the fact that December/January and April are the festive periods in Nigeria. While Christmas and New Year celebrations take place in December and January, respectively, the Easter celebration usually holds in April. These festivals are usually associated with heavy traffic on Nigerian roads as people travel from one location to the other. In addition, these seasons coincide with school holiday periods when school children are out-of-school and may be more prone to RTIs on the streets.

In this study, road traffic crashes involving motorcycles and commercial buses were the leading causes of injuries. This is similar to the reports in previous studies by Madubueze *et al*.\[[@ref12]\] and Boniface *et al*.\[[@ref13]\] Motorcycles and minibuses are the common means of transportation in our environment. Mini-buses are commonly used on intracity and intercity roads, whereas the motorcycles are more commonly used in the intracity and rural roads. Drivers of vehicles and riders of motorcycles and tricycles accounted for majority of the victims, with riders of motorcycles contributing most to this number. The vulnerability of motorcycle riders has also been reported in previous studies.\[[@ref12][@ref17]\] This may be explained by the observation in this study that head-on-collision was the most common mechanism of injury, thereby making the drivers and riders more vulnerable to injuries. The drivers of commercial buses and riders of motorcycles should be educated on standard safety measures that must be observed for commercial transportation.

The usage of helmets among motorcycle crash victims in this study was very low. This is similar to the reports by a study in Bangladesh that reported a helmet usage rate of 17.8%,\[[@ref18]\] but in contrast to other studies from Tanzania\[[@ref13]\] and India\[[@ref19]\] that reported higher helmet usage rates 43.4% and 64.3%, respectively. It was observed that TBI was positively associated with motorcycle crashes in which the riders and passengers did not wear helmets. There is poor enforcement of the use of helmets by riders and passengers of motorcycles in Nigeria and other developing countries. Seatbelt usage was also low and similar to a compliance rate of 27.3% reported in a previous Nigerian study.\[[@ref20]\] This study also demonstrated that the use of seatbelts was associated with a significant reduction in the severity of injuries and mortality rates. The poor compliance with the use of helmets and seatbelts among victims of road traffic crashes is worrisome and calls for intensive public enlightenment, appropriate legislation, and strict enforcement of the use of safety devices by road users in Nigeria and other developing countries. These findings support the public campaigns for the use of helmets and seatbelts to remedy the public health problems of road traffic crashes.

Collisions were the most common mechanism of accidents (235 \[55.8%\]). Head-on-collision was the most common type of collision (165 \[39.2%\]). This is similar to the study by Madubueze *et al*.\[[@ref12]\] in Abakaliki, Nigeria, where head-on-collisions accounted for 38.8% of the accidents. However, Pathak *et al*.\[[@ref19]\] in India reported side collisions as the most common cause of accident in their study. Most of the mechanisms of the accidents such as collisions, summersaulting of vehicles, and vehicles veering off the roads are usually associated with over speeding. Bad roads which are prevalent in many developing countries may also cause the vehicles to veer off the roads as the drivers swerve to avoid potholes on the roads. Enforcement of speed limits and proper road maintenance may help to reduce the incidence of road traffic crashes in our environment.

Soft-tissue injuries and fractures were the most common types of injuries in this study and correlate with previous studies.\[[@ref12]\] However, Akinpelu *et al*.\[[@ref10]\] in Ile Ife Nigeria reported the head injury as the most common type of injury in their study. This may be explained by the high incidence of pedestrian injuries (23.7%) in their study. Injuries from motorcycle crash and pedestrian injuries (open vehicle injuries) were more severe than injuries from car and minibus crashes (closed vehicle injuries). This may be due to the exposure of the riders and passengers of motorcycles and pedestrians to the direct impact of the crashes. Injuries that occurred along the highways and intercity roads were also significantly more severe. This is in concurrence with the studies by Pathak *et al*.\[[@ref19]\] and Lin *et al*.\[[@ref21]\] who reported a significant association between the speed of travel and the severity of injury. The lower extremity was the most common injury site in this study. This correlated with an Indian study,\[[@ref19]\] but in contrast with another Nigerian study\[[@ref12]\] where the head was the most common site of injury and an Iranian study\[[@ref22]\] where the upper limb was the most common site of injury. Lower extremity injuries were significantly associated with motorcycle crashes as has been reported in previous studies.\[[@ref10][@ref13][@ref19]\] The exposure of the lower extremities of motorcycle riders to the direct impact of crashes, the relative instability of the motorcycle, and the tendency of motorcycle riders to over speed may explain this observation.

The mean injury-arrival time in our study was 23.2 h. This is significantly longer than 36.3 min reported by Newgard *et al*.\[[@ref23]\] in a North American cohort study may be an indicator of the poor prehospital care of injured patients in our environment. The widespread patronage of traditional bonesetters has been postulated as an explanation for this observation.\[[@ref24]\] The intervention of traditional bonesetters in the treatment of acute major trauma has been reported to be deleterious.\[[@ref25][@ref26]\]

Majority of the patients were treated and discharged home. However, a large number of patients, particularly those with long bone fractures left against medical advice. This is a common practice in our environment and has been reported in a previous study.\[[@ref27]\] Many of these patients patronize traditional bonesetters who are believed to offer cheaper services and are culturally more acceptable in our environment. Increasing the coverage and scope of the National Health Insurance Scheme (NHIS) will reduce out-of-pocket medical expenditure and increase access to health care.

The mortality rate in this study was 10.7% which is higher than 4.7%\[[@ref12]\] and 6.8%\[[@ref10]\] reported in previous studies. This disparity may be due to the differences in the characteristic of the injuries and efficiency of trauma care management in the different study locations.

Limitations of the study {#sec2-5}
------------------------

This study was conducted at a single hospital site over a 1-year period and may not reflect the true picture of the problem and may make the results not generalizable. The retrospective and single-site design of the study might have limited the scope of the study. We recommend a multi-center prospective study that will increase the scope and generalizability of the results. There is also a possibility of selection bias in this study. The more severely injured patients may have died before arrival at the hospital, whereas the less severely injured patients may not have been admitted to the hospital.

CONCLUSION {#sec1-5}
==========

Injuries arising from road transportation remain a major public health problem in our environment. This study provides valuable insight into the pattern and characteristics of RTIs prevalent in Nigeria. The young male adults are most vulnerable to RTIs with consequent economic losses. The use of motorcycles as a means of transportation is dangerous and should be discouraged because of the high risk of severe injuries and mortality. TBI, open vehicular injuries, and increased ISS were the potential risk factors for mortality. With the vulnerable groups and seasonal patterns identified, this study highlights the need for targeted and integrated intervention approaches to reduce the negative impact of road traffic crashes in our environment. The improvement of health-care facilities, trauma care management, and neurosurgical services will also improve the outcome of these injuries.

Recommendations {#sec2-6}
---------------

There is a need for integrated and targeted interventions to reduce road traffic crashes and injuries. Some of these interventions include public road safety education programs to increase the awareness and adherence to traffic safety regulations by road users, especially during festive seasons and the enforcement of road safety laws such as speed limits, use of crash helmets, and seat belts by law enforcement agencies. The author plans to develop collaboration with relevant government agencies -- Police and Federal Road Safety Corps to carry out these interventions which if targeted at the vulnerable road users will reduce the incidence and severity of RTIs.
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